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b Iem Statement

;*:-E;'_:;i.‘aa ound

~*» The current wheel drive system (WDS) exceeds
— -ae= red volume.
— Currently 8.8” axially

‘» The axial length must decrease

8.8” Too long!
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ok Iem Statement

Axial Turning Radius

ﬁ? e Constraint

Bracket

Motor

Gearbox
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E_ Problem Statement

Load Specifications

2340 1970 500




-‘ k Iem Statement

Power Constraints
KRV E ’x 48 Volts
_ "1_;:4 X Life
20-30 khr
= ;.-— r service
Cost: $2000 max
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Thin Gap Motor
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- a motor
ch a gearbox with the motor

teps 1-3 as needed
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|gn Concepts Considered

racked Frameless Pancake Motors Frameless Motors
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Embedded gearbox
ramo-Morat
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Cu rrent Solution
PANCAKE MOTOR AND PANCAKE GEARBOX
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lax Continuous Torque of TG5153 = 3.57 Nm
¢ 6:1ratio allows for 21.42 Nm of Max

~ Continuous Torque output

6:1 Gearbox Ratio

Torque (Nm) Speed (RPM) Voltage (Volts) Current (Amps)

0.5883

47 to 57

34to 41

3.33

2250

25to 30

I MAX CONTINUOUS [N INTERMITTENT
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TORQUE (NM)
w » (4]

N

2000

4000 6000
SPEED (RPM)

8000

10000

TORQUE (NM)

e

68 to 83

MOTOR EFFICIENCY (%)

4000 6000
SPEED (RPM)




18,00£0.50 WIRE LENGTH
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Motor Thermal Analysis

TG5153: Power Loss vs. Torque and Speed Scale (W)

1 251 501 751 1001 1251 1501 1751 2001 2251 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750 5000
Speed (RPM)
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----- tor — Uncertainties

"---:ﬂ r A naIyS|s

- The math model is for brushed DC motors,
not t brushless motors

arbox efficiency unknown

e —--.—.z-.ﬂ naIysis

Material of TG5153 housing is unknown

May not be appropriate approximation of
ual thermal behavior of motor




Annulus: 120mm pitch diameter

Sun
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== Planet: 48mm pitch dic




m Gearbox
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ancake form factor

)imensions:

5.12” wide and tall

.83” axial length




stom Output Shaft

~* F p=1171bs, T=165 in-lbs e Using the Marin equation:
3 is most crucial length * 3%” Diameter CD1080 CD Steel

-+ Carries most of shaft moment * “Infinite Life” _
— * — =145 Output Shaft Bearing Locati
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Custom Gearbox

e (Casing FEA analysis summary:

0.5” space between bearings
0.75” neck fillet

750 and 650 |bs bearing loads
6061-T6 Aluminum

Max stress in casing = 3 KSI
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8mm bore Fillet Cuts

Hex-shaped output




ustom Carrier Plate

w Qi Q
-~ p & atfillet cuts
~ @& at corner reliefs

Solidworks Design Study Iterations




stom Carrier Plate

Analysis

won Mises [psi)
9.777e+003
5.962e+003
_ 8.143e+003
- 7.333e+003
- 6.518e+003
5.704e+003
4.389e+003
| 4.0748+003
3.260e+003
. 2.445e+003
1.630e+003
8.157e+002

1.000e+000

— Yield strength: 2.828e+004

von Mises (psi)
8.838e+003
8.102e+003
_ 7.365e+003
6.629+003
5.892e+003
5.156e+003
4.420e+003

3.633e+003

2.947e+003
_ 2.210e+003
1.474e+003
7.374e+002

1.000e+000

— Yield strength: 2,828e+004
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t Analysis — Prototype

’:—s—‘—f MFG Part Number Description cost  quantity subtotal
B 91831A009 8-32 SS Nylock nut S 5.24 1 S 5.24
N E—5079K222 8mm ID Ball Bearing, Input S 494 1 S 494
= »___ ~ 6659K66 Oil-Embedded Flanged Sleeve Bearing S 1.82 3 S 5.46
R 45156 10-32 Electrical-Insulating Nylon 6/6 Sleeve Washer S 6.26 1 S 626
8-32X.625" PEM FHS 8-32X.625" PEM FHS S 6.88 1 S 6.88
~ 91595A356 5mmX20mm Dowel pins S 7.54 1 S 7.54
10-32X1" PEM FHS 10-32X1" PEM FHS S 7.57 1 S 7.57
- 509 1 53A009 10-32X.875" FHCS S - =) 1 S 7.95
- 10-32X.625" PEM FHS 10-32X.625" PEM FHS S 9.36 1 S 9.36
 94909A022 #10 Thread-Forming Flange Locknut S——¥FSS 1 s=— 1155
91253A268 10-32X1.125" FHCS S 7.73 2 S 15.46
| KSSA1-24J8 SDP Sun Gear, 24 Teeth, keyed, 10mm FW S =
6384K81 3/4" ID Bearing, Output S 16.71 2 S 3342
| (SSA1-48 SDP Planet Gear, 48 Teeth, 10mm FW e S— 37.95
S1E10ZM10S120 SDP Ring Gear, 120T, 10mm FW S 125.05 1 S 125.05
| [G5153 Best motor available S ZOLLEES e——— S50 = =
-




Htlnue thorough analysis and design of planetary gear set
| rder motor from ThinGap and gears from SDP
____;3?,_ d test first prototype
termi e realistic application and duty cycle for second proto

__._;s;- ocess for second prototype and improve design
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